A buried injector, which is biased by means of punch-through, can be used in sub¬ strate hot electron injection EEPROM devices [1]. In order to optimize this device an empirical expression for the injection probability as a function of the effective barrier height and the average electron energy is proposed and verified by measurements on a variety of devices.
Introduction
Various models are used to compute the effect of hot electron injection. A well known model is the Lucky Electron Model (LEM) [2] . As will be shown this model is not able to predict the gate current with sufficient accuracy. Other models are derived from a solution of the Boltzmann transport equation [3] or from time-consuming MonteCarlo simulations [4] . In [5] it is shown that the Richardson equation, that only requires the average electron energy as a parameter, overestimates the hot electron gate currents for several orders of magnitude. This is because the energy distribution function is nonMaxwellian for high average electron energies [3] [4] [5] . An empirical model which only re¬ quires the average electron energy, but does take into account the effect of a nonMaxwellian distribution function, will be presented. corporated to model the effect of image force barrier lowering and has a value of 2.59 IO4 e(V-cm)V2. The value of parameter a is 1.0-10"5 e(cm2V)1/3j an(j js use¿ t0 ac_ count for the tunneling probability [2] .
The simulated potential under the punchthrough condition is given in figure 4 . Using these results, it is possible to compute the injection probabilities for the four devices. Figure 5A shows Figure 5B shows the measured and simulated injection probabilities using equation (3 Figure 6 shows that there is a significant difference of about 0.25 eV in the average electron energy for the devices 3 and 4 at their corresponding distances d. Therefore the actual injection probability of device 4 is higher than predicted by equation (1).
Conclusions
An empirical model is presented that can be used to compute VIPMOS hot electron gate currents more accurately. The model only requires the average electron energy at the Si/Si02 interface, which can be easily simulated by solving the energy balance equa¬ tions simultaneously with the usual device equations. This model will be used to opti¬ mize the VIPMOS device for programming voltages in the 3 Volt range.
